INTRODUCTION
============

The importance of anaerobic bacteria in the etiology of human gastrointestinal infections is well known (30, 39). Among these microorganisms, the ten related species of Gram-negative rods of the *Bacteroides fragilis* group (BFG) stand out. Though taxonomic alterations have been proposed, the group designation *Bacteroides fragilis* is still used (39). In spite of the protective function of these resident microorganisms, they can be associated with diseases in the gastrointestinal tract, mainly in situations of acute diarrhea and inflammatory intestinal diseases, among others (30).

In developing countries, these diseases are some of the most important causes of morbity and especially mortality, in children of low age (13). However, many cases of diarrhea are not diagnosed, due to mild and self-limited manifestations for which the patients do not seek medical service, or because there is an overload on the public health services, which makes the use of the available medical and laboratory resources difficult (21). Furthermore, there is a lack of scientific data on the incidence and the epidemiology of these diseases, which may interfere with public health policies, especially in developing countries.

Anaerobic bacteriology demands special routines with regards the collection, transport and processing of biological materials for studies involving the isolation and identification of these microorganisms (27). In this sense, the correct handling of the clinical specimens is essential for diagnosis and epidemiological research (15). The search for new methods of study may provide more exact knowledge of the participation of these microorganisms in different ecosystems (6).

Strains of *B. fragilis* eliciting intestinal secretions are named enterotoxigenic *B. fragilis* (ETBF) and their involvement as etiological agents of gastrointestinal diseases has been highlighted by several scientists in recent years (28,34). Epidemiological data suggest that ETBF strains are globally distributed enteric pathogens that cause gastrointestinal disorders in humans, mainly young children. In addition, other animals like calves, lambs, foals, and piglets are susceptible to ETBF-associated diarrheal illnesses. Similar to the case for other enteric pathogens, asymptomatic ETBF colonization is common (34). This enterotoxin is associated with fluid secretion, exfoliation and alteration of the cytoskeleton of intestinal cells (22) and with the clinical demonstration of colorectal cancer (38).

In the last 20 years, geographical variations and an increase in resistance to antimicrobial drugs have been reported as a global problem. Periodic monitoring in these organisms of the patterns of susceptibility to drugs has been recommended to enable the appropriate choice of antibiotic therapy to be made (17,24,36).

Regional studies about the incidence and characterization of *Bacteroides* spp., either enterotoxigenic or not, and their drug susceptibility patterns might provide knowledge of the distribution and the involvement of these bacteria in the diseases related to the gastrointestinal tract in different regions. Young individuals should be especially considered because their susceptibility to the complications related to the clinical demonstrations of gastrointestinal tract diseases is greater. The objective of this study was to evaluate the distribution of species of BFG in fecal samples from children with and without clinical demonstration of diarrheal disease by microbiological culture dependent methodology and/or molecular biology, their antimicrobial drug susceptibility patterns and the presence in the fecal samples of enterotoxigenic strains.

MATERIAL AND METHODS
====================

Specimen collection and microbiological culture
-----------------------------------------------

One hundred and seventy five fecal samples were obtained (110 diarrheic and 65 non-diarrheic) from children (0 to 5 years of age) in Juiz de Fora, MG, Brazil. The study was approved by the Committee of Ethics on Research of the Federal University of Juiz de Fora. A brief epidemiological survey was also applied to assess the clinical status of each child, the sanitary living conditions, and to reject those who had undergone antimicrobial chemotherapy during the last 30 days.

The feces, *in natura*, were collected in disposable sterilized bottles containing pre-reduced saline solution (NaCl 0.25%, glycerine 10%, L-cysteine 0.1%, agar 0.5%) and sent to the Laboratory of Bacterial Physiology and Molecular Genetics, with directions that the time between the collection and reception in the laboratory were critical for the research. The samples suitable for microbiological culture (up to 4 hours between collection and processing) were processed for isolation of BFG in *Bacteroides* Bile Esculin (BBE, HiMedia Laboratories) supplemented with gentamycin 100 µg/mL, under anaerobiosis (N~2~ 90% and CO~2~ 10%). All the fecal samples including those not suitable for microbiological culture were diluted in saline solution and frozen at --20°C for direct BFG detection.

Conventional biochemical/physiological identification of bacterial samples
--------------------------------------------------------------------------

Bacterial strains representative of BFG were isolated from BBE plates and were biochemically and physiologically identified according to established methods (37). The identification chart included verification of anaerobic physiology by respiratory test, bacterial morphology by Gram stain, determination of esculin hydrolysis, indole, catalase and sulfidric acid production, and carbohydrate fermentation (arabinose, celobiose, ramnose, sucrose, trealose, xilan, xylose, salicin). The tests, performed in duplicate, were repeated three times to validate the conventional biochemical/physiological identification.

Molecular identification of the isolated strains and bacterial detection in feces
---------------------------------------------------------------------------------

Genomic DNA from the isolated bacterial strains and the total DNA present in the fecal specimens were extracted by chemical digestion with phenol-chloroform, according to previously described methods (6) and used as template in different multiplex polymerase chain reactions (PCR) specific for *Bacteroides fragilis* group identification (17). To ensure that bacterial identification and detection were not based on nonspecific DNA amplification the reactions were performed in triplicate. The reference strains *B. caccae* ATCC 43185, *B. distasonis* VPI 4223, *B. eggerthii* VPI B851, *B. fragilis* ATCC 25285, *B. merdae* ATCC 43184, *B. ovatus* VPI 0435, *B. stercoris* ATCC 43183, *B. thetaiotaomicron* ATCC 29148, *B. uniformis* VPI 0061, and *B. vulgatus* VPI 4245 were used as positive controls. A ubiquitous primer pair targeting bacterial DNA (341F 5'-CCTACGGGAGGCAGCAG-3´ and 1391R 5´-GACGGGCGGTGTGTRCA-3´) was also used as an internal positive control with the following amplification conditions: initial denaturation 94 °C, 5 min, followed by 30 cycles at 94 °C, 1 min; 55 °C, 1 min; 72 °C, 2 min, followed by a final extension of 72 °C, 10 min with a 1067bp amplicon expected. The negative control was performed in amplification reactions without the DNA template.

Detection of enterotoxigenic *Bacteroides fragilis* (ETBF) in the fecal specimens
---------------------------------------------------------------------------------

The ETBF was directly detected in the fecal samples by PCR according to a previously established procedure (28), with 0.5 µM of the primers BF1 and BF2, and a 294 bp fragment was amplified. The enterotoxigenic *B. fragilis* ATCC 43859 was used as a positive control in these experiments.

Antimicrobial drug susceptibility assays
----------------------------------------

The minimum inhibitory concentration (MIC) was determined by the agar dilution method, according to the NCCLS guidelines (23) specific for anaerobe susceptibility testing. Antibiotic stock solutions were added to melted Brucella Agar (HiMedia Laboratories) to obtain final concentrations ranging from 0.06 to 1024 µg/mL. The antimicrobial drugs were selected on the basis of microbial characteristics and clinical relevance: ampicillin, ampicillin/sulbactam, meropenem, piperacillin/tazobactam, ceftriaxone, clindamycin, chloramphenicol and metronidazole. The reference strain *B. fragilis* ATCC 25285 was included for quality control.

RESULTS
=======

The fecal specimens were received and processed immediately, in the period from May 2007 up to December 2008. The mean age of the donors was 26 months old. Approximately 52% of the samples were obtained in the rainy months from December to May, of which 50% were from patients with diarrhea and 55% from children from the control group. Regarding basic sanitation, 100% of the families had treated water available in their residences and drainage to a septic pit or sewer system.

Even though all collaborators had been instructed on the importance of sending the samples to the laboratory as quickly as possible for the bacteriology of anaerobes, there was great variation in the time from collection to processing, i.e. 23% of the samples were processed in the interval of up to four hours from collection and were considered suitable for cultivation, whereas 77% of the samples were processed more than four hours after collection (4 hours up to 9 days) for the direct detection of the *B. fragilis* group and ETBF strains by molecular biology. So, of the 175 fecal samples obtained, only 40 specimens were considered for isolation of 47 representative bacterial strains. The physiological/biochemical method allowed the identification of seven species of the group: *B. distasonis* (19.1%), *B. fragilis* (17.0%), *B. vulgatus* (17.0%), *B. caccae* (8.5%), *B. thetaiotaomicron* (8.5%), *B. uniformis* (2.1%) and *B. merdae* (2.1%). The molecular biology method allowed the identification of four species of the group: *B. vulgatus* (44.7%), *B. fragilis* (31.9%), *B. distasonis* (14.9%), and *B. thetaiotaomicron* (8.5%). The two methodologies showed a discrepancy in the identification of 22 samples, which could be fitted into different taxonomic groups by the physiological/biochemical method or even classified into more than one taxonomic group ([Table 1](#tbl1){ref-type="table"}).

###### 

Disagreements between molecular biology and conventional biochemical/physiological methods in identification of *Bacteroides fragilis* group species isolated from infantile diarrheic feces.

  **Strain code**   **Bacterial identification methodology**   
  ----------------- ------------------------------------------ ------------------------------------------------------------------------
  FH4-1             *B. fragilis*                              *B. distasonis*
  FH5-5             *B. fragilis*                              *B. distasonis*
  FC4-6             *B. fragilis*                              *B. merdae*
  FH7-6             *B. fragilis*                              *B. uniformis* or *B. vulgatus*
  FH7-7             *B. fragilis*                              *B. caccae* or *B. uniformis*
  FH4-10            *B. fragilis*                              *B. fragilis* or *B. uniformis* or *B. stercoris*
  FH5-6             *B. fragilis*                              *B. fragilis* or *B. distasonis* or *B. merdae*
  FH9-11            *B. vulgatus*                              *B. caccae*
  FH10-1            *B. vulgatus*                              *B. caccae*
  FH10-7            *B. vulgatus*                              *B. caccae*
  FH10-12           *B. vulgatus*                              *B. caccae*
  FH10-16           *B. vulgatus*                              *B. fragilis*
  FH10-4            *B. vulgatus*                              *B. uniformis*
  FH9-7             *B. vulgatus*                              *B. stercoris* or *B. vulgatus*
  FH9-15            *B. vulgatus*                              *B. vulgatus* or *B. stercoris*
  FH10-9            *B. vulgatus*                              *B. fragilis* or *B. stercoris*
  FH10-13           *B. vulgatus*                              *B. distasonis* or *B. caccae*
  FH10-19           *B. vulgatus*                              *B. stercoris* or *B. uniformis*
  FH9-14            *B. vulgatus*                              *B. merdae* or *B. caccae* or *B. stercoris*
  FH10-3            *B. vulgatus*                              *B. caccae* or *B. stercoris* or *B. uniformis*
  FH10-10           *B. vulgatus*                              *B. uniformis* or *B. stercoris* or *B. fragilis*
  FH1-1             *B. distasonis*                            *B. distasonis* or *B. caccae* or *B. merdae* or *B. thetaiotaomicron*

When the evaluation was done directly by molecular biology, without microbiological culture, bacterial DNA was identified in 80% (n=140) of the fecal samples. Of the positive bacterial DNA samples, BFG species were detected in 64.3% (n=90). Considering only the diarrheic feces, *Bacteroides* was detected in 55% (n=49), whereas *Bacteroides* was detected in 80.4% (n=41) of the non-diarrheic feces, as shown in [Table 2](#tbl2){ref-type="table"}. In this study *Bacteroides* sp. were considered for the cases in which amplicons suggestive of *Bacteroides* were observed, but there was no amplification of fragments expected in the specific reactions even after repetition of the experiments. ETBF was detected in 4.6% of the fecal specimens evaluated, four being in diarrheic fecal specimens (3.7%) and four in non-diarrheic fecal specimens (6.15%). No positive correlation was observed between ETBF detection and donor gender.

Regarding the antimicrobial drug susceptibility patterns of the BFG isolates, the tests revealed bacterial resistance to all with the exception of metronidazole. The least efficient drugs were: ampicillin, ceftriaxone, clindamycin, chloramphenicol and meropenem. On the other hand, the most efficient drugs were the compounds ampicillin/sulbactam and piperacillin/tazobactam as summarized in [Table 3](#tbl3){ref-type="table"}.

###### 

Distribution of species within the *Bacteroides fragilis* group in diarrheic or non-diarrheic fecal samples from children aged 0--5 years old in Juiz de Fora, Brazil, detected directly by molecular biology, without microbiological culture.

  **Bacterial identity**           **Frequency of detection (%)**   
  -------------------------------- -------------------------------- ----
  *Bacteroides fragilis*           22                               32
  *Bacteroides vulgatus*           31                               36
  *Bacteroides distasonis*         16                               2
  *Bacteroides thetaiotaomicron*   5                                2
  *Bacteroides cacae*              3                                \-
  *Bacteroides ovatus*             \-                               3
  *Bacteroides* sp.                23                               25

###### 

Minimal inhibitory concentration (MIC) of antimicrobial drugs against the representative strains of the *Bacteroides fragilis* group isolated from infantile diarrheic feces in Juiz de Fora, Brazil.

  **Tested drugs**          **MIC (µg/mL)**   **Susceptible strains (%)**   **Intermediary resistance (%)**   **Resistant strains (%)**          
  ------------------------- ----------------- ----------------------------- --------------------------------- --------------------------- ------ ------
  Ampicillin                2                 32                            0.06 -- 512                       18.2                        13.6   68.2
  Ampicillin/sulbactam      2                 16                            0.06 -- 32                        84.1                        4.5    11.4
  Meropenem                 4                 16                            0.24 -- 32                        54.5                        27.3   18.2
  Piperacillin/tazobactam   4                 16                            0.48 -- 128                       90.9                        6.8    2.3
  Ceftriaxone               32                64                            0.06 -- 256                       40.9                        38.6   20.5
  Clindamycin               4                 8                             0.24 -- 16                        38.7                        38.6   22.7
  Chloramphenicol           8                 32                            0.24 -- 32                        50.1                        34     15.9
  Metronidazole             0.06              2                             0.06 -- 2                         100                         \-     \-

DISCUSSION
==========

The average low age of the population studied reflects the elevated frequency of acute diarrhea in children younger than two years of age and the gravity of the disease in this phase of life, which leads to the search for medical care (6, 25). The fecal specimens were obtained on dates distributed homogeneously in the rainy and dry months of the year. Most of the cases of diarrhea associated with bacteria occur in the rainy and hot months, possibly because the more elevated temperature favors bacterial multiplication in the environment, and the rain contributes to the dissemination of the etiological agent in the surface waters (31,32). Although the family income was not recorded, all the families had conditions of basic sanitation in their dwellings, such as treated water and a closed sewage system for feces.

Microbial cultivation allows the use of the isolates in subsequent investigations such as the determination of the antimicrobial drug susceptibility patterns and epidemiological studies. The Gram stain analysis and preliminary information on culture of the sample received can reveal the type and the relative number of microorganisms, as well as the host cells present, which can orient the clinical diagnosis and early therapy (29). The development of molecular methods allows the investigation, however, of microbial communities without the necessity for microbiological cultivation (15). When using the two methodologies, different situations were observed, with similar or divergent identifications. Some of the species of BFG are very similar biochemically, which makes the process of identification difficult (37), though these techniques are still widely used (5). In addition, the molecular technique allowed the detection of microorganisms in fecal samples, for which the method of classic microbiological culture cannot be applied or does not allow the recuperation of representative samples of BFG.

Both the isolated microorganisms and the genetic detection of the group directly in the fecal samples allowed the identification of representatives of the following BFG species: *B. fragilis, B. distasonis, B. vulgatus, B. thetaiotaomicron, B. caccae* and *B. ovatus.* The data are consistent with the literature, where the species most frequently isolated from infections or microbiota resident in healthy individuals of the human species are *B. fragilis, B. thetaiotaomicron, B. distasonis* and *B. vulgatus* (17).

Given that the BFG compose most of the anaerobic microbiota of the gastrointestinal tract, when the frequency of isolation or detection of these microorganisms is evaluated directly from the clinical specimens, at least two factors must be taken into account: (i) the low rate of isolation of *Bacteroides* in the feces can reflect the difficulties in recovering anaerobes in the laboratory, since the collection and adequate transport of specimens are crucial. (ii) Given the molecular methodology used and its basis on the detection of DNA sequences by polymerase chain amplification, it is possible that methodological failures could be associated with nonspecific amplification or even the lack of gene amplification due to the presence of substances inhibiting the DNA *taq* polymerase enzyme, as seen with the internal control with universal primers for bacterial DNA and as previously reported (1). On the other hand, given the frequency of these microorganisms, it is suggested that in fact a significant reduction of the BFG anaerobes in the fecal microbiota may take place in episodes of acute diarrhea. Little information is available on the resident microbiota during acute diarrhea in children (6), although a significant reduction of anaerobes, especially *Bacteroides,* is realized in acute diarrhea. These observations are attributed to the probable exacerbated growth of other microorganisms and alterations in the redox potential in the colon.

Enterotoxigenic strains were identified in 4.6% of the fecal samples. It is accepted that this number may vary from 6 to 12% of children in the USA, approximately 10% in Europe and around 2 to 15% in Asia (9,11,25,29,34,35). In Brazil, there is a lack of scientific data on the incidence of ETBF in the population; however, data show the incidence of these microorganisms in HIV-positive children (3.1%) (8) and immunocompetent children with diarrhea (1.5% and 2.08%) (5,16). The observation of ETBF in non-diarrheic fecal samples may indicate the presence of healthy bearers who serve as a reservoir of this microbial lineage for susceptible populations. It is known that environmental factors can modulate the profiles of gene expression in anaerobes, which might in these cases mean that toxins are not produced, but that the bacteria persist in the population (6,10).

The observation of bacterial resistance to the tested antimicrobial drugs, with the exception of metronidazol, should be considered in empirical therapy, especially in clinical situations in which the characteristics of the disease could suggest the involvement of anaerobic bacteria, such as representatives of the BFG. Our data allow the suggestion of homogeneity in the drug susceptibility patterns between the different bacterial strains recovered. The high intermediary resistance to the antimicrobial drugs is significant and suggests a regional clinical alert. These microorganisms may represent the bacterial population circulating in the community, and children younger than 2 years old should not be expected to harbor resistant bacteria since they should not have been exposed to these drugs. Penicillins were observed to have low efficiency (ampicillin), followed by the cephalosporins (ceftriaxone) and carbapenems (meropenem). On the other hand, low levels of resistance were observed for beta-lactam/beta-lactamase inhibitor combinations, suggesting that most of the bacterial samples recovered may produce beta-lactamase enzymes, as already suggested for the BFG (33). The piperacillin-tazobactam association is still quite effective with low levels of resistance reported (7,18). The resistance of the *Bacteroides* to penicillin was initially observed in 1966, and the production of different types of beta-lactamases represents the most important mechanism of resistance of these microorganisms to these drugs (14).

The increase in bacterial resistance to some antimicrobial agents, including tetracycline, clindamycin and ceftriaxone, reflects the capacity of *B. fragilis* to develop resistance through several different mechanisms (2,7,13). Resistance among the *Bacteroides* isolates to clindamycin has been increasing in several countries in which epidemiological vigilance is more intense, mainly in the last two decades. This drug was considered the therapy of choice in anaerobic infections for a long period and today the rates of resistance may vary between 20--48% (18). Although in this study resistance to clindamycin has been verified at levels near to 35%, in accordance with reports from other authors (3,13,20), the studies of epidemiological vigilance do not describe with clarity the source of the bacterial samples. Given the source of the samples in our work, this number is significant. Besides, our results indicate high levels of intermediary resistance in the strains isolated from children without a recent history of therapeutic use of the antimicrobial drugs or different lincosamides.

The use of chloramphenicol has been declining in many countries due to the toxicity of the drug, which causes intestinal disorders, depression and anemia. On the other hand, in our country, this drug is consumed widely and in our study a high rate of resistance was observed for this antimicrobial (7,12,26). According to the literature, in the regions where the drug is still used for the treatment of infections in which BFG is involved, levels of resistance to chloramphenicol are up to 11%, though not all authors considered intermediary resistance (7,20).

In spite of the *in vitro* tests for the susceptibility of anaerobic bacteria that are not routinely considered for clinical decisions, some authors (2,7,13,14,35,19) defend laboratory monitoring of the levels of microbial resistance for these bacterial groups, fundamentally for three reasons: (i) it is already well-documented that resistance to antimicrobial drugs by the *Bacteroides* has increased significantly, and their participation in endogenous polymicrobial infections has been recognized; (ii) a certain disparity exists between different regions and institutions regarding protocols and rules for the use of antimicrobial drugs; (iii) clinical studies show that the resistance to antimicrobial drugs of anaerobes like the *Bacteroides* spp. can be correlated with therapeutic clinical failure, resulting in increased morbidity and mortality. There are also limitations in the extrapolation between results of experiments *in vitro* and clinical reality *in vivo* (24).

The results presented in this work on the distribution, susceptibility patterns and methodological issues show the necessity of survey studies for clarifying the role of these microorganisms in the maintenance of health or the production of disease in human beings, along with studies of epidemiological vigilance for constant monitoring of their antimicrobial drug susceptibility patterns.
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